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INTRODUCTION 
I N T R O D U C T I O N 
A theory was developed by Kobatake for evaluat ing the 
degree of permse lec t iv i ty , ' P s ' , fixed charge dens i ty '4)X* and 
t r anspo r t number, 'Tapp' of the membrane. These are Mathema-
t i c a l l y defined a s , 
1 [Tapp - (1 « a ) ] 
Ps = r r5 « (1) 
(1 + 4 ^2) ^^"^ " U-2a)Tapp] 
Where ^ = ^ « "TW^ ' ^"^ 
^ " U+V 
in which ' C i s the average concentrat ion of the two s ides 
of the membrane, Tapp, i s the t r anspor t number of p o s i t i v e l y 
charged membrane, X, i s the s to ichiometr ic concentrat ion of 
charges fixed in the membrane, (j), i s the f r ac t ion of counter ions 
in the unbounded form excluding those t i g h t l y bound to the 
membrane, •(()X* i s the fixed charge densi ty of the membrane, 
while 'U' and ' V are the mob i l i t i e s of pos i t i ve and negative 
ions r e s p e c t i v e l y . 
Kobatake equation (1) implies tha t 'Ps* should give a 
s t r a i g h t l i n e of slope uni ty when ' P s ' i s p lo t t ed against 
2 - 1 / 2 (1+4 ^ ) . The data studied by Kobatake and Co-workers 
6—11 
and l a t e r by other workers, f a l l approximately on a curve 
which devia tes sys temat ica l ly from the s t r a i g h t l ine of slope 
uni ty in d i l u t e s a l t so lu t ion . Kobatake in his paper explained 
t h i s devia t ion of the data poin ts from the s t r a i g h t l ine as to 
st<Jm from the concentra t ion dependence of '4)X' on the external 
s a l t concent ra t ion . Later workers also got da ta far off from 
the s t r a i g h t l i n e which was not in accordance with the Kobatake 
equat ion . 
12 Such an equation i s , therefore , modified , in terms of 
an a r b i t r a r y parameter ' p * , which i s equal to n t imes, p , in 
which n turns out to be a s o r t of measure of the ex ten t of 
, devia t ion from l i n e a r i t y * n, i s an a r b i t r a r y parameter and 
KF© p = 1 + - ^ ^ , where, K, i s some constant r e l a t e d to v i s c o s i t y , 
' F ' , faraday cons tant , 0 , the charge dens i ty and 'U« i s the 
mobil i ty of the pos i t ive ion . 
3 
Elimination of the devia t ion from l i n e a r i t y has been 
2 - 1 / 2 
achieved by accounting for (l+4 f. ) , term cont r ibu t ing to 
Ps to d i f f e r en t extent np depending upon the in t e r ac t ion of 
the solute with the so lvent . Such a considerat ion resu l ted in 
obtaining s t r a i g h t l ine of slope un i ty . Ps in the new modified 
form i s wr i t t en as 
PS = [(• 
1/2 p ' 
•) ] = 
1+4 g- (1+4 ^'') 175 
np 
Tapp(l-a) 
l -a - ( l -2a)Tapp 
(2 ) 
This prompted us to examine the modified equation in respec t of 
the published data * which included var ious kind of membranes 
and d i f f e r en t e l e c t r o l y t e s (1 :1 types) with varying concentrat ion. 
THEORY 
4 
THEORY 
Kobatake de r ived an ecfuation r e p r e s e n t i n g the degree of 
p e r m s e l e c t i v i t y of membrane e l e c t r o l y t e sys tem, by the use of 
e m p i r i c a l e x p r e s s i o n of the a c t i v i t y , c o e f f i c i e n t and m o b i l i t y 
of small ions i s charged membranes, wi th the he lp of ' a d d i t i v i t y 
r u l e ' found e m p i r i c a l l y in the f i e l d of P o l y ~ e l e c t r o l y t e s o l u t i o n 
2 
s tudy , i s based on the thermo-dynamics of i r r e v e s i b l e p r o c e s s e s . 
Both the a c t i v i t y c o e f f i c i e n t and m o b i l i t y of small ions in 
charged membrane are expressed b y : -
C + (t)X 
Y + = Y ° • . Y. = Y ! (3) 
* C_ + X 
and 
« C + (t)X 
U, = U? -= , U = U° (4) 
•*• c _ + X 
where y, U^ ,^ y? U? {i = +, -) stand for the activity coefficient 
and the mobility of small ionic species in the membrane and bulk 
solution respectively. C^ is the concentration of anions 
adsorbed in the membrane ( in moles per litre of water in the 
membrane). According to the convention suggested by Guggenheim 
Y° can be equated with Y° for 1:1 type electrolyte and they 
are replaced by mean activity coefficient y of electrolyte 
component. 
4 
As was shown, in different series of papers , various 
membrane phenomenon are represented quantitatively in terms of 
5 
ef fec t ive fixed charge dens i ty , (j)X, of the membrane as a chara-
c t e r i s t i c parameter for a given combination of membrane and 
e l e c t r o l y t e in quest ion. However, each ion and species have 
t h e i r own mobili ty in the bulk solut ion and t h i s leads to 
d i f f e r e n t membrane po t en t i a l and other t r anspor t processes 
across the membrane, depending on the species of the e l e c t r o l y t e 
component used. Therefore, i t was f e l t to develop a general 
method of cha rac t e r i s a t i on of membrane e l e c t r o l y t e system which 
could be applicable to any system i r r e spec t ive of the ionic 
species involved and th i s was done by introducing a parameter 
Ps of the membrane. 
Now considering a negat ive ly charged membrane, the 
condit ion for Donnan equi l ibr ium for small ions held between 
membranes and solut ion phase in concentrat ion ' C i s given by 
_ 2 2 
(T ° ) C = Y+ C^ Y. C_ (5) 
and the mass fixed transference number of anions in the membrane 
T_ is defined by:-
8 
Introducing equation( 3),(4)and(5) in to(6)wi th the e lec t roneu-
t c a l i t y condit ion i . e . C = C_ + X, we ob ta in , 
r. 1/2 
(4 ^'^ + 1) + 1 (7 ) 
T_ = 1 - a Yn 
(4 ^^ + 1) + (2a- l ) 
U° 
where '^ - 7i^ i and a = ~ Trrt . ana a = ^ 
P ' „o . ,»o U^ +U^ 
in which ^ = §v ^^ the r e l a t i v e concentrat ion and U° and 
U° are the molar mobi l i t i e s of pos i t ive and negative ions , 
r e spec t ive ly , defined in terms of mass fixed frame of re fe rence . 
On the other hand, the apparent transference number of anions 
in the membrane, Tapp, i s 'defined with the help of observed 
membrane p o t e n t i a l ^(|) by the following Nernst equation, 
C 
A«f = " ( f ^ ) ( 1 - 2 Tapp) j*n ^ (8) 
where Cj^  and C2 are the concentrat ion of ex terna l solut ion 
on the two sides of the membrane. In paper , the difference 
between T_ and Tapp" was shown to be less than 2'/, in wide 
range of salt concentration when the averaged concentration 
C, + C^ 
—= = was replaced by C. Therefore, if we replace T_ by 
^- C + C2 
Tapp and ' C by ^ equation (7) i s applicable even when 
2 
concentration on the two sides of the membrane are different. 
Rearrangement of equation (7) leads to: 
1 1 - Tapp - a 
Ps = yr,^ = (9) 
(4 i^ + 1) a-(2a-l) (1-Tapp) 
Similarly, for positively charged membrane we can arrive 
at the following expression: 
Tapp-(l-a) 1 
Ps = . =. -J, (10) 
l-a-(l-2a) (4 f ^ i)^^ 
Here Ps i s a measure of the permselec t iv i ty of the membrane 
e l e c t r o l y t e system. 
When the external s a l t concentrat ion i s high enough in 
comparison with (j)X i . e . c/(j)X > 1, the equation of the membrane 
po t en t i a l reduces to : 
ACf - - ( f i ) (2a - 1) U ^ (11) 
This equation i s nothing but a diffusion p o t e n t i a l of an 
e l e c t r o l y t e in the bulk so lu t ion , and/or equal to the membrane 
p o t e n t i a l for a system with a membrane having no fixed charges. 
In t h i s case Tapp becomes ( 1 - a ) , which in turn , Ps defined by 
equation (9) reduces to zero i . e . if the t ransference number of 
CO-ions has a value in the free solut ion Ps = 0 . On the other 
hand when C < (|)X the Equation for the membrane p o t e n t i a l i s 
s implif ied to give: 
AC^ = - ( |^) ^n ^ (12) 
which is the largest potential difference across a charged 
^2 
membrane with a given r a t i o of concentration y =« r;- . 
^1 
When the membrane po ten t i a l i s in l ine with equation (12) , 
the membrane may be refer red to as a pe r fec t ly permselective 
membrane, where Tapp becomes zero and hence Ps tends to u n i t y . 
Therefore, one may consider t h a t Ps defined by equations (9) 
and (10) takes a value between zero and uni ty depending upon 
9 
the ex terna l s a l t condit ion for a given system of membrane and 
e l e c t r o l y t e p a i r . Ps can be ca lcula ted only from the da ta of 
membrane p o t e n t i a l , while the l e f t hand side of equation (9) 
c C ^1 "^  ^2 
i s a function of r e l a t i v e concentrat ion, ? = JRv o^ — ^ v — • 
Thus, the value of the r i g h t hand side of equation (9) must be 
independent of the mobi l i t i es of ion species involved, Equation 
(9) also implies tha t Ps should give a s t r a i g h t l ine of slope 
2 - ^ / 2 
unity when Ps i s p lo t ted agains t (1 + 4 ^ ) . Therefore, 
an apparent s t r a i g h t l ine of slope unity i s the theo re t i ca l 
l ine with the assumption tha t value of ^X of each respect ive 
system i s independent of s a l t concentra t ion . But the studied 
data give far off points from the s t r a i g h t l ine of slope un i ty . 
Because of t h i s deviat ion shown from slope of uni ty , an attempt 
has been made to express Ps in terms of an a r b i t r a r y parameter 
p = np, ' n ' and p have been already def ined. 
Thus, Ps in the new form i s expressed as 
Ps = 
(1-H4 ^^) TTI 
Tm 
(1+4 p 
np 1-Tapp-a 
a - (2a- l ) ( l -Tapp) 
(13) 
10 
I 
The value of p , i s obtained as fo l lows . Taking log of both 
the s ides of equation (13) , we ge t , 
1 
log Ps = p ' log Y/^ 
(1 + 4|^) 
, 2 
log Ps = p' [log 1 - •s log (1 + 4 § )] 
-2 log Ps 
==^  p' = (14) 
log (1+4^^) 
2 -^/2 P' 
And finally plots of Ps against [(1+4^ ) ] support 
equation (13) by showing the slope of unity. Equation (13) is 
found to be applicable to any type of membrane whether artificial 
or biological irrespective of the extent of deviation shown in 
2 -1/2 
the behaviour of Ps versus (1 + 4 £. ) plots. 
One would expect that the thermodynamic properties of 
biological membranes and those of artificials would vary diff-
erently from each other, because of the fact that biological 
membranes are expected to function by active transport while 
11 
artificial membranes are governed by the principles of passive 
transport. Therefore, we can say that the laws of thermodynamic< 
meant for passive transport are equally good, for biomembranes. 
MATERIAL 
AND 
METHOD 
12 
MATERIALS AND METHOD 
Various membranes examined here are peritoneal membrane 
(a biomembrane), and artificial membranes such as zirconyl 
7 8 
tungstate n^mbrane, mercuric tungstate membrane , barium 
phosphate mercuric phosphate , mercuric carbonate , cupric 
iodide , mercuric iodide and two polystayrene sulfonic acid 
membrane Ps-1 and Ps-3. The values of Ps, ^* ^ for ^^^ given 
combination of membrane and electrolyte published earlier were 
used. If Ps is not available it was calculated from the known 
Tapp and a values by making use of equations (9) and (lO) depen-
ding whether the membrane is negatively charged or positively 
2 -^/^ 
charged. Now, using equation (1+4 ^ ) and substituting in 
-1/2 
it we come to know the value of (1+4 ^ ^j , then Ps is plotted 
2 -1/2 
against (1+4 f ) and we expect all points to lie on the 
straight line of slope unity. But the data are far from being 
on a straight line as shown in upper portion of figures 1-7. 
Therefore, now we make use of the modified Kobatake equation by 
introducing the extent of deviation parameter p' in it, the 
value of p is calculated from the following relation: 
13 
- 2 log Ps 
p. = np = 
log (1+4 ^) 
2 1/2 
This value of p' is substituted in (1+4 ^  ) which now 
2 1/2 ?• 
becomes [(1+4^ ) ] and the values thus obtained are 
plotted against Ps. Such an attempt brings all the data points 
on the straight line of slope unity as shown in figures 1-7 
(bottom portion). 
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RESULTS AND DISCUSSION 
From tables 1-7, we observe that Ps values lie between 
zero and unity. As we dilute the solution on the two sides of 
the membrane, it becomes perfectly permselective (ion selective) 
and as concentration increases Ps moves from unity towards zero 
i.e. it becomes less permselective. Furthermore, we can also 
draw the conclusion (Tables 1-7) that p' = np, goes on increa-
sing with increase in dilution of solution on the two sides of 
the membrane. This implies that there is more interaction 
between the solute and the solvent at lower concentration and 
less deviation at higher concentration. It can be seen from 
these tables that in some of the membrane electrolyte system a 
very high value of p' is obtained which indicate very high 
interactions between the solute and the solvent. But such a 
high value of p' is not physically understandable. It seems 
that some experimental errors in the examined data may have 
cropped up due to error in preparing the solutions through 
dilution. 
r\ 
TABLE 1 (a) 
c 2 ^/2 
Calculated values of pe rmse lec t lv i ty Ps , 9 , p ' , (1/1+4 £ ) 
2 1/2 P' 
and [(1/1+4 P ) ] of polys tyrenesul fonic acid membrane. SP-1 
and SP-3 a t concentra t ion r a t i o of y = TT- = 2 a t fixed charge 
^1 
dens i ty of ^X = .091 and ^X = .014 for SP-1 and SP-3 r e s p e c t i v e l y . 
SP-1 
E l e c -
t r o l y t e 
NaCl 
C2 
Concn 7T~ 
^ 1 
1 /0 .5 
0 . 5 / 0 . 2 5 
2.5x10"- " - / l .25x10"-^ 
1 2 x 1 0 ^ ^ / 6 x 1 0 " ^ 
6 x l O " ^ / 3 x l O " ^ 
3xlO"Vl.5xlO~^ 
1.4xlO~^/7.0xlO"-^ 
8x lO"^/4x lO' '^ 
4xlO~V2xlO"^ 
2 x l O " ^ / l x l O " ^ 
Ps 
-
0.20 
0.31 
0.46 
0.63 
0.78 
0.86 
0.91 
0.94 
0.98 
^ 
-
4.12 
2.06 
0.98 
0.49 
0.24 
0.11 
0.065 
0.032 
0.016 
P' 
-
0.76 
0 .81 
0.98 
1.36 
2.39 
6.38 
11.60 
30.27 
39.47 
( 1 / 1 + 4 ^ 2 ) 
-
0.12 
0.23 
0.45 
0.71. 
0.90 
0.976 
0.99165 
0.997 
0.9994 
i/2 2 1/2 r [ (1/1+4^2) ^ 
-
0.20 
0.31 
0.46 
0.63 
0.78 
0.86 
0.91 
0.939 
0.979 
23 
TABLE 1 (b) 
PS-3 
_ j - , ^ 1 /^ a I 
E l e c t r o - Concn 7 ^ Ps £ P ' ( l / l + 4 g ^) [ ( l / l + 4 4 ^ ) ] 
l y t e ^1 ^ 
1 /0 .5 _ - _ _ 
0 . 5 / 0 . 2 5 - _ _ 
NaCl I 2 x l 0 " ^ / 6 x l 0 ~ ^ 
6 x l O " ^ / 3 x l O ' ^ 
3 x l O " ^ / l . 5 x l O " ^ 
1 .4x lO~^ /7 .0x lO"^ 
8xlO~^/4xlO~~^ _ _ _ -
4x lO"^ /2x lO"^ _ _ _ - _ 
2xlO"~^/lxlO"^ 0 , 8 7 0 .10 7 .04 0 . 9 8 0 . 8 7 
0 . 0 8 3 13.39 0 . 7 5 
0 .1225 6.42 0 . 8 2 
0 .200 3 .21 0 . 8 6 
0 . 3 1 1.60 0 . 9 6 
0 . 4 8 0 . 7 5 1.23 
0 .037 
0 .077 
0 . 1 5 
0 .29 
0 . 5 5 4 
0.C84 
0 .1225 
0 .199 
0 . 3 1 
0 .479 
24 
TABLE 2(a) 
r 2 ^/2 
Calculated values of permse lec t iv i ty Ps , q , p ' , (1/1+4 P ) and 
2 i / 2 B' C2 
[(1/1+4 £, ) J of per i tonea l membrane with y = rr- = 2 and 
1 
(ZiX = 4.7x10"*^, NaCl; 2.8x10"^ KCl; 3.2xiO~^ NaF, 4 .5xl0~^, KF. 
E l e c t - Concn p^ Ps ^ p ' (1/1+44.^) [ ( l / l + 4 ^ ^ ) j ' ^ 
ro ly te ^1 
iOxlO~-^/5xlO~-^ 0.06 15.95 O.8I 
5xlO~-'-/2.5xlO"-'- 0.12 7.97 0.76 
NaCl 2xl0"-'-/lxl0'-'- 0.22 3.19 O.8I 
lxlO"-'-/5xlO"^ 0.38 1.59 0.80 
5xlO~^/2.5xlO"^ 0.62 0.79 0.75 
2xlO~^/lxlO'^ 0.76 0.319 1.55 
Ixl0 ' '^ /5xl0"^ 0.87 0.159 2.86 
5xl0'"V2.5xl0~-' 0,93 0.079 5.86 
2x l0"^ / lx l0"^ 0.92 0.0319 40.81 
IxlO'VsxlO""^ 0.41 0.77 1.46 
0.031 
0.062 
0.155 
0.30 
0.534 
0.843 
0.952 
0.987 
0.99797 
0.5446 
0.06 
0.12 
0.22 
0.38 
0.62 
0.76 
0.87 
0.93 
0.92 
0.411 
25 
E l e c t -
r o l y t e 
KCl 
C2 
Concn rr-
^1 
10xlO'"-'-/5xlO~-'-
5xlO~-'-/2.5xlO"-'-
2xl0"- ' - / ixl0 ' - ' -
lxlO"-^/5xlO"^ 
5 x l O " ^ / 2 . 5 x l O " ^ 
2 x l O " ^ / l x l O " ^ 
I x l 0 " ^ / 5 x l 0 " ^ 
5xlO""^/2.5xlO~^ 
2x lO"^ / lx lO~^ 
IxlO'VsxlO"'^ 
Ps 
-
0 . 0 2 
0 . 0 6 
0 .14 
0 . 2 2 
0 . 3 2 
0 .40 
0 . 4 2 
0 . 4 6 
0 .30 
TABLE 2 
^ 
-
13.39 
5 .35 
2 .67 
1.33 
0 . 5 3 5 
0 .267 
0 , 1 3 3 
0 .053^ 
0 . 0 2 6 ' 
! (b) 
P' 
-
1.18 
1.18 
1.15 
1.43 
2 .95 
7 . 3 
25 
. 136 , 
' 840 . 
( 1 / 1 + 4 ^ 2 ) 
-
0 .037 
0 . 0 9 3 
0 . 1 8 3 
0 . 3 5 1 
0 . 6 8 
0 . 8 8 
0 .9659 
.4 0 . 9 9 4 3 
,45 0 .9985 
1/i 9 1/2 P ' [ ( 1 / 1 + 4 ^ 2 ) J 
-
0 . 0 2 
0 .058 
0 .14 
0 . 2 2 
0 . 3 2 
0 . 3 9 
0 . 4 2 
0 . 4 6 
0 .30 
2B 
TABLE 2 ( c ) 
E l e c t -
r o l y t e 
NaF 
C2 
Concn rr~ 
^1 
10xlO~-'-/5xlO"-'-
5xlO"^/2,5xlO"-^ 
2xlO"VlxlO"-^ 
1x10'-^/5xlO"^ 
5 x l O ' ' ^ / 2 . 5 x l O ' ^ 
2 x l O " ^ / l x l O " ^ 
I x l 0 ' ^ / 5 x l 0 ' ^ 
5x10" V 2 . 5 x 1 0 " ^ 
2xlO"^/ lx lO ' -^ 
IxlO'^/SxlO""* 
Ps 
-
0 . 0 5 
0 . 0 9 
0 . 1 3 
0 . 1 7 
0 . 2 7 
0 . 3 7 
0 . 4 3 
0 . 4 7 
0 . 3 1 
5 
-
11 .71 
4 .68 
2 .34 
1.17 
0 . 4 6 8 
0 .234 
0 .117 
0 .0468 
0 .023 
P' 
-
0 .948 
1.073 
1.30 
1.88 
4 . 1 3 
9 .99 
31 .53 
1 171.56 
1111.7"? 
0 1/2 (1 /1+4 ^2) 
-
0 . 0 4 2 
0 . 1 0 6 
0 .20 
0 . 3 9 
0 . 7 3 
0 . 9 0 5 
0 . 9 7 5 
I 0 .995648 
' 0 .9989436 
0 1/2 ^ [ ( 1 / 1 + 4 ^ 2 ) ^ 
-
0 . 0 5 
0 .090 
0 . 1 3 
0 . 1 7 
0 . 2 7 
0 . 3 7 
0 . 4 3 
0 . 4 7 
O . X 
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TABLE 2 (d) 
E l e c t r o -
l y t e 
KF 
C2 
Concn 7:-
^1 
10xlO"-'-/5xlO'-'-
5xlO"-'-/2.5xlO"-'-
2xl0"-'-/lxl0"- '-
1x10"-"-/SxlO"^ 
5 x l O " ^ / 2 . 5 x l O " ^ 
2 x l O " ^ / l x l O " ^ 
I x l 0 " ^ / 5 x l 0 " ^ 
5 x l 0 " ^ / 2 . 5 x l 0 " ^ 
2 x l 0 " ^ / l x l 0 " ^ 
Ixi0~~^/5xl0 ' '* 
Ps 
— 
0 . 0 4 
0 . 0 8 
0 . 1 6 
0 . 2 2 
0 . 3 2 
0 . 4 1 
0 . 4 6 
0 , 4 8 
0 .34 
^ 
— 
8.34 
3.34 
1.67 
0 .834 
0 .334 
0 .167 : 
0 .0834 
0 .0334 
0 .0167 
P' 
— 
1.14 
1.31 
1.46 
2 .279 
6 .11 
16.76 
5 6 . 2 
325.8 
1920. ( 
( 1 / 1 + 4 ^ 2 ) 
— 
0 .059 
0 . 1 4 8 
0 . 2 8 6 
0 .514 
0 . 8 3 
0 . 9 4 8 
0 . 9 8 6 
0 . 9 9 8 
34 0 .9994 
1/2 
[ ( 1 / 1 + 4 £,2) ] 
.. 
0 . 0 4 
0 . 0 8 1 
0 . 1 6 
0 .219 
0 . 3 2 
0 . 4 1 
0 . 4 6 
0 . 4 8 
0 . 3 4 
z:^ 
TABLE 3 (a) 
2 ^/2 Calculated values of permselectivity Ps, 4, B, (l/l+4 £ ) and 
2 1/2 p' C^ 
[(1/1+4^ ) ] of Zirconyl Tungstate Membrane with y = 7^ = 10, 
^1 
CiX = 0 .013 , LiCl; (2fX = .0066, NaCl; 5^X = .026 KCl <^X = 0.682 KBr. 
——_^— Q j^/2 1/2 6^  
E l e c ^ ^ Ps 5 p ' ( l / l+4e^2) [ (1/1+4 8,2) "I 
ro ly t e 1 
1/0.1 -0.115 42.30 - 0.011 
0.75/0.075 -0.047 31.73 - 0.015 
LiCl . 5 / . 05 0.075 21.15 0.692 0.023 0.0751 
0 .25 / .025 0.181 10.57 0.558 0.047 0.181 
. l / . O l 0.21 4.2 0.729 0.118 0.210 
.075/.0075 0.27 3.17 0.701 0.155 0.270 
.05/ .005 0.44 2.10 0.557 0.231 0.441 
.025/.0025 0.45 1.05 0-946 0-4299 0«449 
.Ol/.OOl 0.828 0.38 0.791 0.79 0.829 
2H 
Elec t -
ro ly t e 
NaCl 
^2 
^1 
l / O . l 
0 .75/0.075 
0 .5 /0 .05 
0.25/0.025 
o.i/o.oi 
0.075/0.0075 
0 .05/0 .005 
0.025/0.0025 
O.Ol/.OOl 
P s 
-0 .087 
-0 .047 
-0 .007 
0.111 
0.148 
0.190 
0.398 
0.468 
0.813 
TABLE 
^ 
83.34 
62.5 
41.66 
20.83 
8 . 3 
6.25 
4 . 1 
2.08 
0.75 
3 
0 
0 
0 
0 . 
0' 
0 . 
(b ) 
P' 
. 
_ 
.582 
.678 
.654 
.436 
.522 
34 
(1/1+4 .^2 J 
0.0059 
0 .0079 
0.011 
0.0239 
0.06 
0.0797 
0.121 
0.233 
0.554 
1/2 o 1/2 P [ ( 1 / 1 + 4 ^ 2 ) -, 
0.114 
0.148 
0.190 
0.398 
0-468 
0.816 
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TABLE 3 (c ) 
Electro-
lyte 
KCl 
^2 
^1 
1/0.1 
0 .75/0.075 
0 .5 /0 .05 
0 .25/0 .025 
O.l/O.Ol 
0.075/0.0075 
0 .05/0.005 
0.025/ .0025 
0 .01 / .001 
P s 
0.06 
0.121 
0.19 
0.286 
0.3O9 
0.381 
0.54 
0.633 
0.856 
§ 
21.15 
15.86 
10.57 
5 . 2 
2 . 1 
1.5 
1.05 
0.52 
0.20 
P* 
^ 
-
0.542 
0.531 
0.799 
0.823 
0.708 
1.249 
2.09 
(1/1+4 ^2) 
0.023 
0.031 
0.047 
0.095 
0.231 
0.316 
0.429 
0.693 
0.928 
1/2 9 1/2 p ' [ ( 1 / 1 + 4 ^ 2 ) -, 
^ 
-
0.191 
0.287 
0.31 
0.387 
0.541 
0.639 
0.856 
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TABLE 3 (d) 
Elect-
rolyte 
KBr 
^2 
^1 
l .O/O. l 
0 .75/0.075 
.5 /0 .05 
0.25/0.025 
O.l/O.Ol 
0.075/0 .0075 
0.05/0.005 
0.025/0.0025 
O.Ol/O.OOl 
Ps 
-0 .095 
0.0046 
0.145 
0.186 
0.237 
0.257 
0.374 
0.485 
0.781 
^ 
45.83 
34.37 
22.9 
11.45 
4.58 
3.4 
3.29 
1.14 
0.45 
P' 
-
-
0.505 
0.534 
0.649 
0.703 
0.516 
0.789 
0.818 
(1/1+4 ,§ 
0 .01 
0.014 
0.0218 
0.043 
0.109 
0.145 
0.149 
0.401 
0.743 
, 1 / 2 2 ^ /2 p 
^) [ (1 /1+4^2^ ] 
0.145 
0.186 
0.237 
0.257 
0.374 
0.485 
0.784 
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TABLE 4 (a) 
2 1/2 
Calculated values of permse lec t iv i ty Ps , ^ , P ' , ( l / l + 4 ^ ) and 
2 ^/^ P' ^2 
[(1/1+4 £ ) ] of Mercuric Tungstate Membrane with y = TT- = 10, 
^ ^1 
(^ X = 0.016, KCl; (^ X = 0.033 NH^Cl; (^ X = 0 .026, KNO ;^ Cfx = 0 .063, NaCl. 
^2 c , 9 ^ / 2 2 1/2 p 
E lec t - Concn —• Ps Q p ' ( l / l + 4 £ . ^ ) [(1/1+4^"^) ] 
ro ly te 1 
KCl 
l/lxlO"-"-
5xlO"-^/5xlO"^ 
lxlO"-'-/lxlO"^ 
5xlO"V5xiO"^ 
I x l 0 " ^ / l x l 0 " ^ 
0.115 
0.129 
0.23 
0.36 
0.85 
34.37 
17.18 
3.43 
1.71 
0.34 
0 .51 
0.57 
0.75 
0.80 
0.839 
0.014 
0.029 
0.144 
0.28 
0.826 
0.113 
0.13 
0.234 
0.361 
0.850 
TABLE 4 (b ) 
E l e c t -
r o l y t e 
NH^Cl 
^2 Concn pr-
^1 
l / l x i o ' - ^ 
5xlO"-'-/5xlO"^ 
I x l 0 " " ' - / l x l 0 " ^ 
5 x l 0 " ^ / 5 x l 0 " ^ 
I x l 0 " ^ / l x l 0 " ^ 
Ps 
0 .215 
0 .232 
0 .359 
0 . 4 9 7 
0 . 8 9 7 
^ 
16 .67 
8 .3 
1.6 
0 . 8 3 
0 . 1 6 
P ' 
0.43 
0.51 
0.83 
1.044 
2.22 
(1/1+4 4 
0.029 
0.06 
0.298 
0.51 
0.952 
9 1/2 9 1/2 P' [ ( 1 / 1 + 4 ^ 2 ) J 
0.22 
0.238 
0.36 
0.50 
0.899 
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TABLE 4 (c) 
C 1/2 1/2 8 
E lec t - Concn ^ Ps § p ' (1/1+4 %^) [ ( l / l + 4 ^^) ] 
ro ly te 1 
l/lxlO"-"- 0.264 21.15 0.355 0.023 0.264 
SxlO'-^/SxlO"^ 0.284 10.57 0.411 0.047 0.285 
KNO3 lxlO"-'"/lxlO"^ 0.32 2.11 0.776 0.23 0.32 
5x10*^/5x10" ~^  0.599 1.05 0.60 0.42 
Ixl0"^/lxl0"~^ 0 .93 0.21 0.89 0.921 
0.594 
0.93 
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TABLE 4 (d) 
E l e c t r o -
l y t e 
NaCl 
C2 
Concn rr-
^1 
1/1x10'-^ 
SxiO'-^/SxlO"^ 
lxlO~-'-/lxlO'"'^ 
5 x l O " ^ / 5 x l O ' ^ 
I x l 0 " ^ / l x l 0 " ~ ^ 
Ps 
0 . 0 1 4 
0 .020 
0 . 0 4 5 
0 . 1 2 8 
0 . 5 2 2 
^ 
8.73 
4 .36 
0 . 8 7 3 
0 .436 
0 . 0 8 7 3 
P ' 
1.49 
1.8 
4.45 
7.27 
44.11 
(1/1+4 ^2) 
0.057 
0.113 
0.50 
0.753 
0.985 
1/2 0 1/2 ?' [(1/1+4^,2) J 
0.014 
0.020 
0.045 
0.126 
0.51 
3B 
TABLE 5 (a) 
2 ^/2 
Calculated values of pe rmse lec t iv i ty P s , ^ , p ' , ( 1 / 1 + 4 ^ ) and 
2 1/2 P' 
[ ( l / l + 4 ^ ) ] of Mercuric phosphate membrane with y = 10 
(^ X = 0..053,KC1. 
c 1/2 111. s' 
E l e c t - Concn -^ Ps £ P' (1/1+4 4^) [(1/1+4 ^^) ] 
r o ly t e ^1 
1,^/0.1 -0 .008 10.37 -
.5 /0 .05 0 .08 5.188 1.072 0.095 0.081 
KCl 0 . 1 / . 0 1 0.37 1.0377 1.175 0 .43 0.37 
0.05/0.005 0.59 0.518 1.42 0.69 0.59 
0„01/ .001 0.65 0.1037 20.46 0.979 0.649 
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TABLE 5 (b) 
2 1/2 
Calculated values of pe rmse lec t iv i ty Ps , i^  , P ' , ( l / l + 4 ^ ) and 
2 1/2 P' [ ( l / l + 4 ^ ) ] of Mercuric Carnonate membrane with Y = 10 
<^X = 0 .026, KCl. 
C 1/2 1/2 B' 
Elect- Concn ^ Ps 6- P' (l/l+4g^) [(l/l+4^^) ] 
rolyte ''l 
KCl 
1/0.1 
. 5 / . 05 
0 . 1 / 1 . 0 
0 .05/0 .005 
0 .01/0 .001 
0.067 
0.107 
0.28 
0.47 
0.61 
21.153 0.715 
10.576 0.731 
2.115 0.864 
1.0576 0.884 
0.211 5.90 
0.023 
0.0472 
0.230 
0.427 
0.921 
0.067 
0.107 
0.28 
0.471 
0.611 
1 
*'' 
*f 
'^f^^/r 
A 
* 
3S 
TABLE 6 (a) 
2 ^/2 Calculated values of pe rmse lec t iv i ty Ps , ^ , P ' , ( l / l + 4 (^  ) and 
2 1/2 P' [ ( 1 / 1 + 4 ^ ) ] of Barium phosphate membrane with y = 10, 
<^X = 1.14x10"^, KCl. 
C 1/2 1/2 B 
E l ec t - Concn ^ Ps § p ' (1/1+4 ^^ ) [ ( l / l + 4 £^^ ) ] 
r o l y t e . 1 
KCl 
1/0.1 
0 .5 /0 .05 
0 .1 /0 .01 
0 .05/0 .005 
0 .01/0 .001 
0 .005/0 .0005 
0.001/0.0001 
0.05 
0.06 
0.18 
0.29 
0.58 
0.67 
0.80 
48.24 0.654 
24.12 0.718 
4.82 0.7553 
2.412 0.775 
0.482 1.653 
0.241 3.78 
0.0482 48.73 
0.01 
0.02 
0.103 
0.20 
0.719 
0.90 
0.995 
0.05 
0.061 
0.180 
0.29 
0.58 
0.671 
0.801 
39 
TABLE 7 ( a ) 
1/2 1/2 s ' 
C a l c u l a t e d v a l u e s of P s , ^ , p ' , ( 1 / 1 + 4 ^ 2 ) , [ ( 1 / 1 + 4 $2) ] of 
Mercur ic I o d i d e membrane, wi th y = 10 , 5^X = 7 .943x10" , KCl. 
E l e c t -
r o l y t e . 
^2 Concn TT-
^1 
Ps ^ P' 
9 1/2 9 1/2 ? (1/1+4^2) [(1/1+4 4^) ] 
10xlO~-'-/lxlO"-'- 0 . 1 4 6 .92 0 . 7 4 3 0 .072 0 .142 
5xl0~' '- /5xl0"'^ 0 . 2 0 3.46 0 . 8 2 0 . 1 4 3 0 .20 
KCl Ix lO ' -^ ' / l x lO '^ 0 . 5 7 0 .692 1.731 0 .722 0 .569 
5x l0~2/5x l0 ' "^ 0 . 7 2 0 .346 1.67 0 . 8 2 3 0 . 7 2 1 
I x l O ' ^ / l x l o " ^ 0 . 9 2 0 .069 8 .85 0 .990 0 . 9 1 
SxlO'^ /SxlO'"^ 0 . 9 4 0 .034 27 .57 0 . 9 9 7 0 . 9 3 6 
IxlO'^^/lxlO""^ 0 . 9 8 0 .0692 2 .14 0 .990 0 . 9 8 
40 
TABLE 7 (b) 
2 1/2 
Calculated values of pe rmse lec t iv i ty Ps , 4 » P'» ( l / l + 4 £ . ) and 
, 9 1/2 P' _2 
[(1/1+4 ^ ' ' ) ] of Cupric Iodide membrane with Y = 10, CfX = 2.113x10 , 
KCl. 
f 1/2 1/2 8 
Electa Concn ^ Ps ^ p' (l/l+4§.2) [(l/l+4^^) ] 
rolyte. 1 
KCl 
10xlO"-'-/lxlO"-'-
5xlO"-'-/5xlO~^ 
IxlO"-'-/lxlO"^ 
5xlO"^/5xlO'^ 
ixlO'^^/lxiO"^ 
bxlO'^/Sxlo""^ 
lxlO"VlxlO"'^ 
0.08 
0 .13 
0.28 
0.43 
0.55 
0.58 
0.61 
26.02 
13.01 
2.60 
l . X 
0.26 
0.13 
0.026 
0.636 
0.619 
0.764 
0.789 
4.99 
16.66 
366.33 
0.019 
0.038 
0.18 
0.35 
0.88 
0.967 
0.99865 
0.08 
0 .13 
0.28 
0.43 
0.56 
0.572 
0.61 
SUMMARY 
SUMMARY 
The theory developed by Kobatake for the evaluation of 
permselectivity of the membrane from Tapp and a values and 
2 -1 /2 
i t s p lo t agains t (1+4^ ) which gave v a r i a t i o n from slope 
of uni ty and then i t s modification made by introducing an 
adjustable parameter resu l ted in a l l points f a l l i n g on the 
s t r a i g h t l ine of slope un i ty . Such an attempt to l i nea r i ze the 
iCobatake p l o t s by introducing an a r b i t r a r y parameter for the 
extent of devia t ion caused by the so lu te - so lven t in te rac t ion 
and j u s t i f i e d the successful a p p l i c a b i l i t y of the modified 
equat ion. Concentration and permselec t iv i ty values (as apparent 
from the t ab les ) may suggest t ha t the membrane becomes per fec t ly 
permselective a t low concentrat ion and low value of perm-
se lec t ive a t high concentra t ion . Thus, we may conclude tha t 
the ion s e l e c t i v i t y increases a t low concentrat ion whereas i t 
becoiDoes l e s s ion-se lec t ive a t high concent ra t ion . The extent 
of devia t ion parameter p ' i s found to increase a t low concen-
t r a t i o n on two s ides of the membrane, ind ica t ing higher i n t e r -
action between the solute and the so lvent . 
We may propose to do fur ther study to know more about the 
possible nature of i n t e r a c t i o n . 
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